untreated, estrogen-treated, and progesterone-treated castrated rabbits was found to exhibit two main patterns : short spike bursts lasting 1-10 s and long trains of action potentials lasting several minutes, which constituted the major component of EMG activity.
Summary &horbar; Spontaneous electromyographic (EMG) activity of the oviduct recorded in vivo in
untreated, estrogen-treated, and progesterone-treated castrated rabbits was found to exhibit two main patterns : short spike bursts lasting 1-10 s and long trains of action potentials lasting several minutes, which constituted the major component of EMG activity.
After estrogen treatment, both wet weight and noradrenaline (NA) content of the castrated rabbit oviduct were enhanced mainly at the ampullary-isthmic junction; long trains of discharges were significantly shorter (2.0&horbar;2.7 min vs 3.6-4.6 min) and appeared at more frequent intervals (9.8&horbar;12.2 min vs 14.2&horbar;22.6 min). After progesterone treatment, spontaneous EMG activity was not significantly different from that in untreated castrated rabbits (as was the NA content) except at the ampullary&horbar;isthmic junction.
NA injection elicited a stimulatory response of the oviduct lasting 1&horbar;7 min in the three hormonal states. Phentolamine strongly depressed spontaneous EMG activity but the inhibition was more transient in castrated rabbits than in estrogen-treated and progesterone-treated animals. Propranolol had no effect on spontaneous EMG activity.
These data and the high NA concentrations found in all parts of the isthmus support the hypothesis that adrenergic innervation plays a role in the organization of (Brundin, 1965; Owman and Sj6berg, 1966) . These nerves are mainly composed of &dquo;short&dquo; adrenergic neurons, which differ morphologically and functionally from the ordinary &dquo;long&dquo; adrenergic neurons (Owman and Sj6berg, 1966; Sj6berg, 1967 Sj6berg, , 1968 . One such difference is that noradrenaline (NA) metabolism is influenced by the ovarian steroids, i.e., estrogen and progesterone (reviewed in Marshall, 1981 ) .
The importance of adrenergic innervation, and the responsiveness of the oviductal smooth muscle to adrenergic drugs and nerve stimulation, have led to the hypothesis that nerves might play a role in the regulation of oviductal motility and perhaps in ovum transport (Brundin, 1965; Pauerstein et al., 1974) . Nevertheless, surgical or pharmacological denervation fails to alter significantly ovum transport and fertility (Paton et al., 1978) . These observations are not entirely conclusive, however, because denervation is always incomplete and its effects might be partially compensated for by an increase in postjunctional sensitivity to NA and by morphological changes within the muscle (Marshall, 1981; Westfall, 1981 The four parts were frozen in isopentane (-160 °C). After rapid freezing (15 sec), the parts were then stored in a refrigerator (-20 °C) until biochemical assay.
Biochemical analysis
The content of noradrenaline (NA) was estimated in each portion of the oviduct using high-performance liquid chromatography (HPLC) with electrochemical detection, as previously described (Bernet ef al., 1987 (Fig. 4) (Fig. 6) Fig. 7 . The portions of the oviduct in the E 2 rabbits were heavier than the corresponding portions in the untreated ovariectomized rabbits and than the AIJ and MI portions in the progesterone-treated rabbits.
NA content
The oviducts of estrogen-treated rabbits contained significantly more NA than the oviducts of the other two groups: 227 ± 15 ng (mean ± SD) versus 142 ± 29 ng in the untreated castrated rabbits (t = 2.62, P < 0.02), and versus 175 ± 15 ng in the progesterone-treated rabbits (t 2.44, P < 0.05). A significant difference was also observed between the NA content of the oviducts in the untreated rabbits and in the progesterone-treated rabbits.
The content of NA in nanograms per portion of oviduct (Fig. 5) was significantly higher in estrogen-treated rabbits than that of the IA and AIJ portions in untreated and progesterone-treated rabbits. The NA content of AIJ in the progesterone-treated rabbits was higher than that of the same portion of oviduct in the ovariectomized rabbits.
NA concentration
The fact of bringing the NA content down to nanograms per milligram wet tissue abolished the differences between the rabbits of the three experimental groups.
Discussion
Electrical activity of the rabbit oviduct clearly shows two components: short spike bursts and long trains of discharges lasting several minutes. In vivo studies of oviductal pressure changes have shown a similar pattern of small contractions interspersed with outbursts of increased activity in rabbits, monkeys, and humans (De Mattos and Coutinho, 1971; Coutinho et al., 1975; Fredericks et al., 1982) . It is generally believed that short bursts originate in the circular muscle layer, and long trains of spikes in the longitudinal muscles which cover the oviduct dorsally and ventrally and are continuous with the muscles of the mesotubarium superius and mesosalpinx (Talo and Brundin, 1973; Gonzalez de Vargas et al., 1976) (Black et al., 1980) . This may provide a neural mechanism for muscular coordination between the circular layer and the longitudinal peritoneal muscle. It is likely that the long trains of discharges originated in the longitudinal muscle or in the peritoneal membranes (Talo and Brundin, 1973; , but the possibility that excitation spread between the two muscle layers cannot be precluded.
In accordance with other reports, we have found that both adrenaline and NA have an excitatory effect on the oviductal EMG activity. This response is mediated by a-excitatory adrenoceptors (Levy and Lindner, 1972; Doteuchi and Takeda, 1978) . Inhibitory 13-adrenoceptors were also found, but they usually seem to be masked by the a-adrenoceptor under normal conditions, at least in the rabbit oviduct (Johns and Paton, 1975) . In vitro, the spontaneous EMG activity of the oviduct is unaffected by phentolamine or by tetrodotoxin and is therefore presumably myogenic . However, myogenic activity might be modulated in vivo by changes in neuronal activity. This hypothesis was investigated by in vivo recording of oviductal activity in rabbits injected with phentolamine and propranolol. Propranolol, a f3-adrenoceptor antagonist, had no effect on EMG activity, which is consistent with the findings of Johns and Paton (1975) showing that the rabbit oviduct is always a-dominant.
Phentolamine, an a-adrenoceptor antagonist, produced a rapid and marked fall in electrical activity. Such inhibition of spontaneous activity after phentolamine has been reported in the uterus of rhesus monkeys (Harbert and Spisso, 1981) and rats (Legrand and Maltier, 1986) . Overstreet and Tom (1982) (Spilman and Harper, 1974; Borda et aL, 1975; Ruckebusch and Bayard, 1975; Gimeno et al., 1976 (Brundin, 1965 
